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Disclaimer

* This is really a report on trying to setup a complete analysis
framework, starting from MC simulation of an exotic signal,
understanding of the physics objects involved (AOD access)
and setup of an analysis module to look at data (when and if
they’ll be available at higher energies)

* Many things are trivial, but achieving results is often a
daunting task when using the ATLAS software..

e The bright side is to have a support center (ASC!) where to
ask questions and initiate fruitful collaborations.

* This work is still very much in progress!
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Outline

* The model
* Preliminary tests and validation
Parton level signature

* Current tests on fullSim vs fastSim
Lepton multiplicities
CHAMPS
B-tagging

* Plans for a signature based analysis
Using ANL InvMass framework
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The model

* Leptogenic Supersymmetry

SUSY scenario characterized by cascade
decays with copious lepton production;

Striking signatures that can be probed with
just 200 pb-1 at LHC 10TeV

= Long-lived sleptons

= Several Isolated leptons g——  Lepro-SUSY Spectrum
= Energetic jets N :

* No MET T e S5

= Copious Higgs production... L;: / @)

V.Sanz et al. Phys.Rev.D80:035010,20009.
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The model (cont’d)

ms 2000 GeV |
1y 4.8
Ty 3.9
Input n3 2.2
n4 6.7
tan 8 10
sgnu + |
mg | 1938 | mg, | 949
M+ 201 | mg, | 920
My 676 | m iy 952
mxn 676 md-“ 919
Output Mg 302 | m;, | 962
(GeV) | mgo | 271 | my; | 248
mh 115 mg, 108
my+ | 387 | mp | 236
my | 379 | ms | 106
mpy, 379 mi. 249

O prod (tb)
15000

10000

5000

§ 10 12 14 SV

At 7 TeV we expect ~ 100 events in 50pb-"
At 10 TeV we expect ~250 events in 200pb"
No major sources of physics background

-- signal efficiency expected to be high

Table 1: A sample spectrum calculated with SUSY-HIT.

1/19/10

Simona Rolli - Argonne Analysis Jamboree 5




Four-Lepton Channels »-<

Both gauginos decay to stable
sleptons and leptons \\ e\
L 2
Five-Lepton Channels g A KE%
Long decay chain for s b

charginos decaying to stable 0 ;

sleptons and leptons m _________
J £

Six-Leptons when combining the two above
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Final states with Higgs

* The SM-Higgs boson in this scenario is light enough not to
decay into WW;

* |t decays predominantly into bbar (Br = 80%)

* Higgs is produced in cascade decays and it's free of most of
the SM background

Clean bbbar invariant mass distribution study

i Final State:
2 jets, 2 b-jets

e G 2 leptons and
\; A 2 slowly moving sleptons

BR(fi1 — h°(Z) + fiz) = 44.1% (35.1%)
BR(7; — h%(Z) + 72) = 53.3% (46.6%)
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Sample

1/19/10

Using a Madgraph file from Veronica Sanz, we generated events in the Athena
environment and studied them at generator level and at jet level using the
JetTruthCollection

These studies were considered necessary before submitting a request for a
large sample through the central production service (request submitted in Dec
2009)

Athena> csc_evgen08new _trf.py 000001 1 5000 1234
MC8.000001.MadGraphPythia.py test.root NONE NONE
MadGraph.000001.test._ 00001.events.tar.gz NONE

Pythia only does PS, the generation of leptoSusy is left to Madgraph
We analyzed two samples:

One with only Higgs production;
One with all processes (which is also the only physics background)
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AOD Studies

T 5
X pr N

* We used a customized ntuple (evtNtuple) which we derived
from AnalysisSkeleton
Not very different than the DragonFly example
Easy to add information and decouple from the the athena framework

Easy to add information and learn on the way what AOD really
ContalnS P e 06 X/ ROOT Object Browser

Eile ¥iew Options Help
3 CollectionTree v ﬂglf_.. i |58 s 4 n| Option -|
All Folders Contents of /ROOT Files/EvtNtuple.aan justSignal. FullSim.800evt root/CollectionTree"
p J g
(oot s BCID 3% Event 3% EventFiterinfo % Eventhumber 3 IEvent EARYR]]
|_1PROOF Sessions 38 Lyt Triggerinfo 3% LvL1 TriggerType 3% LvL2Triggerinfo 3% LumiBlock 3% Fun 3% Runhumber
|_JiUsersfsimonaralifDesktopisime 3% StatusElement 3 Stream1 _ref 3% StreamESD_ref 4 StreamTaghame % StreamTagType 3 Time
L1ROOT Files 3% Token e weioht FuelE PeeleEMweight i eleEP R eleET
=] Evthituple 3an iustSignal P | 5 oppEra ShelelsEM S elePHI ShelePT FhelePx FhelePy
[ |ColcctionTree FhelePz s elePioneight % hepE 3% hepEta e hepGencode g heplD
j z:reamlag:lame 3% hepM 3% hephDecay e hepNParents i hepPx e hepPy e hepPz
ream pe R . B . . .
il o| % hepPhi 3 hepistiD 3 hepictat 3 hepida2 3 hepicia3 3 hepidad
3% hepimo 3% hepimo2 3% hepimo3 3% hepimod hietEod 34 ietEMFRO4
FtEMFRT  RRietETo4 JhietETAD4 FhietETAT FhietETT ietE_T
eietFlavoros  FyietPHID4 eietPH_T e ietPro4 FeietPr_T e ietPvod
eietPyv T e ietPzo4 eietPzT Rietweightod s missingET 3 missingETPHI
3 missingETX 3 missingETY s muchiz s muE F mueT s muETA
s muHPT e mulso s muLPT e muPHI FmuPT 3% muchi2
e nele Fnhep e nietod e nietT Frmu
A | o
178 Obiects. [

1/19/10 Simona Rolli - Argonne Analysis Jamboree 9



AOD Studies

 Check leptons and sleptons multiplicity
e Check the Higgs mass reconstructed from the b-partons
Select b’s and check for their mother

Select Higgs and check for its children

McEventCollection_p4 GEN EVENT

* Reconstructed mass of third and fourth jet (as from the theory paper)

Mass way higher
High jet multiplicity (too high)
Run with cone 0.7
= multiplicity still high
Select jets matched to b’s in DeltaR and plots their reco mass
= Mass structure observed.
TruthJet multiplicity and removing the “slepton-jets”

JetCollection_tlpS ConedTruthJets
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Lepton multiplicities

Number of same sign leptons Minus | 1ShMinus |Number of same sign leptons Plus I_I_o_'sm:"“s
— ntries 5404 ntries 5404

p—
AR L0 N =

Mean 2339 | Mean 3218 All-Processes

I = : fMS o The asymmetry is
expected
(three-body decay of

sleptons) JZ.*/%

0 d‘ - s
pp = <
[j AN . XO é}«l
IshMinus IshPlus
Number of same sign leptons Minus  Fo=r—sme Number of same sign leptons Plus  [FEremee—ras7 j )
ean 2603 Mean  2.62
ri00 e AL RMS _ 1.661

Higgs-only

5

C PP

N
- \\
N

s d o~
L) a o N Tttt
a 2 4 L 8 " n “ 1t 12 r 0 2 4 L] g "w 7 “ " 12 28 in

j i

Number of same sign leptons (flavor blind)
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Sleptons multiplicity

Two for each event

Number of sleptons IshSleptons
“n :_ Entries 5424
¢ ¢/ o Mean 2
27/% Z 7 /% “~E RMS 0
(9 :A 4 A Ad A d
| Pt mu2 i Entries it 7143 | ‘ Pt eR i Entries t=h 5866
5 RS 107 | - | Rng 124s
: " All Processes
Pt ta1 = Entries hd 1413 Mass mu2 I Entries tod 2143 H :
—prass Muz | w: | (eRis not presentin
RMS 105.7 - RMS 7.871e-05 . .
events with Higgs
: E e production)
_Mass eR | e — 'm—l | _Masstal | s - o
an RMS 53270-65 : E: R:lasn 3.656e-05
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Reconstructed Higgs Mass

Select a Higgs and check for its children to select a bbar pair:

. ===Event number 5424 Higgs has 13 children with ID and status of the children
‘ ID =5 status = 2 First Higgs In the event reco mass from all children IshTotalMass1
. ID = 21 status = 2 —~ i
- ID=21status =2 |2 Entries 4242
. ID = 21 status = 2 - Mean 116.8
- ID=21status =2 ana = e
. ID = 21 status = 2 3000 -
. ID = 21 status = 2 =
. ID=-2status =2 2500
. ID = 2 status = 2 2000 =
. ID = 21 status = 2 1500:_
©  ID=21status =2 E
- ID=21status=2 oo =
. ID = -5 status = 2 500 z;.
. ====Event Number 5424 After Loop on nhep, Number of Higgs in this event is 1 %:. ) ) I ) T e i Vi e
Low tail due to radiation ST o
hHiggsMassChildrent IshHiggsMassChildren2
Reco Mass from H&gs 2 children &E?!f 7730 Reco Mass from Higgs 2 children Entries 1512
Mean y - Mean 80.56
“ RMS 21.58 \ RMS 22.93
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Pt of b partons

b f first Hi pT IshPTb1 i - IshPTb2
rom first Higgs Entries 4242 bbar from first Higgs PT |[{Entries 4242
0 Mean 62.57 Mean 64.77
RMS 51.87 *H RMS 55.61
250 .
200 H-
280 !
150 —
150 ;
wo -
20 C
5 o
oo 120 20 30 40 o0 veo 80 €0 "o oc— %o 200 30 40 o [ o 80 220 "o
) IshPTb3 IshPTba
b from second Higgs PT Entries 12 O e o s T Entries 1512
Mean 61.28 = Mean 58.8
RMS 55.06 RMS 51.98
120 "o
o e
- af
Fe AL :._.
a8 20 o=
°o %o 280 320 40 o0 veo 80 €0 "o oc— %0 280 30 40 o o0 o 80 20 "wm
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Jets and Higgs mass

In the theory paper, the authors select events with 2 =)
sleptons and reconstruct the mass of the 3rd and 4th
jet, with PT > 25

Clear Z and Higgs peaks are observed (easy!)

We tried to reproduce the result....

Events10 GeV

| Reco Mass 3rd and 4th jet | [Zhiniesd
k. RMS 1354 e, (GoV)
. Reco Mass 3rd and 4th jet | IshJetsMass34
100 |- Entries 5378
C COne O 4 100 - Mean 304.4
8o ) C RMS 142
N 80 [
3 i Cone 0.7 i
of 60 - Obviously
C I something is
20 40
- - wrong...
%700 200 300 400 500 600 700 800 800 1000 =
09 "~100 200 300 400 500 600 700 80O 900 1000
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Mass combination of jets matched
to b-bbar pair

8L
,\t-\‘ (.1’(.

oy

We decided to select jets by associating them to the b-partons;

Events are selected where is only 1 Higgs (for sake of simplicity) decaying
into bbar

The jets are associated to the bbar via DeltaR
The mass distributions were even more puzzling...

10

Reco Mass 3rd and 4th jet with matching | [IshJetsNewMass34
| Reco Mass 3rd and 4th jet with matching shJetsNewMass34 p Entries 1642
= Mean 363.1
3 Entries 1434 “oE RS 12
nf- Mean  202.1 i
: 0 Cone 0.7
= RMS 117.7 25F
50 20F
40 C 15 E—
: Cone 0.4 oF
30 5 3
: OElll a oo b b b g beaaa ey fn Hﬂ'ﬂm’ilj‘-‘r
20— 0 100 200 300 400 500 GOO 700 80O 900 1000

What is the second peak??

00 100 200 300 400 500 600 700 BOD 9S00 1000
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The second peak...

The second peak is at the mass of the slepton....Can it be that TruthJet
reconstruction picks the slepton and makes a jet of it ?

* Because of the boost the “slepton jet” is very close to the b’s from the Higgs and
gets picked as the closest jet to the b’s.

* Solution: remove the 2 jets closest to the 2 sleptons in the event and do the Higgs
mass reconstruction with the remaining jets using the 2 closest to the b’s from the
Higgs..

* Even better: we modified the stable truth collection before running
JetTruthAlgorithm to remove the sleptons from the list of final state particles to be
used for jet reco;

The jets multiplicity and reco Higgs mass should change....

And they do!!
Lesson learned... be careful at how 3 Mean 142.7
exotic SUSY particles are used in s RMSE NS00

FastSim or TruthAlgs.... JE
z Cone 0.4
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Sleptons as Leptons

* In the leptogenic scenario the sleptons will behave like CHAMPs, ie
slow moving particle crossing the detector with MIP-like signature.

* A challenge in this case will be the correct assignment of bunch
crossing;

« Efficiencies to correctly assign the slow-moving particle to BC
decreases with 3 : for 0.8 < < 1.0 the efficiency is ~80-100%"

Most of our sleptons will have > 0.8

e Shlomit Tarem and her group provided us with a
modified setup for simulation and reconstruction
for this process in FullSim (EPJ 62,2 (2009) p281)

*  We are also using FastSim samples, forcing
the heavy sleptons to behave like muons o

We can do it because we are not interested in the slepton mass
reconstruction but only Higgs

* What trigger to use? Work in progress...

* arXiv:0901.0512
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FullSim and FastSim studies

* FullSim was ran following the prescriptions in EPJ 62,2 (2009) p281
(Trigger and Reconstruction for heavy long lived charged particles with the ATLAS
detector)

* FastSim was run with the help of S. Chekanov, using the
assumption that our sleptons would behave as muons (f
> 0.80)

e Limited samples are available in AOD format

ElectronContainer
MuonContainer
JetContainer
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FastSim: Lepton multiplicities

Number of same sign ele Minus B Number of same sign mu Minus IShMuMinus INumbaral ‘same sign tau Minus IshT:
IshEMmus 2000F Entries 5424 Entiies 5424
Entries 5424 E

o t6s| = o | = x| FastSim: parton level
o'} muon multiplicity increases by construction
- Number of Reco Muons IshRecoMuons
T S B R N BN RN Py - P | 2200:_ Entries 4242
IshEPlus b ishMuPlus (e oo | TohTauPlus__ 2000 £ Mean 2.598
Mean tors| E Mean tags| e M 17 1800 £ RMS  0.8785
RMS 1.466 : RMS 0.9643 3 ) 16800
Z : 1400 F-
1200 -
: : 1000 -
PN S T S (S PR S R ey PN N A VR T R 800-:'—
s00f-
awof-
200;—
00-‘ al 1:) 112. ' ‘114. 118 118 20
Number of Reco Eles IshRecoEles
Entries (m
= Mean 0.76 : .
3 RMS 18688 > MuonContainer_p5_AtlfastisoMuonCollection
:_ | __—
= ? ElectronContainer_p2_AtlfastElectronCollection
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FullSim: Lepton Multiplicities

T 5
X pr N

[ Number of same sign ele Minus | IshEMinus [ Number of same sign mu Minus IshMuMinus [ Number of same sign tau Minus IshTauMinus
Entries 184 Entries 184 sof Entries 184
Mean 1.815 Mean 0.5815 F Mean 1.565
RMS 1.421 RMS 0.7689 «f RMS 1.334 .
McEventCollection p4 GEN AOD
20f
10:
e N T I A P S S R DR A S (R TR s L
Number of same sign ele Plus__| IshEPlus [ Number of same sign mu Plus__] IshMuPlus [ Number of same sign tau Plus__} I§hTauPIus Number of Reco Muons | IES:::’::M“:"ZSB
Entries 184 Entries 184 Entries 184 45 Mean  3.271
Mean 1.783 Mean 0.6196 Mean 1.582 E RMS 1.31
RMS 1.301 RMS 0.832 RMS 1.42 40
3sf-
30f
25 f—
B B R R TR TR R N TR T T I R T R e B BT N R 205—
15 E—
Number of Reco Eles | IshRecoEles =
Entries 129 10—
C Mean 3.767 E
E RMS _ 1.543 sE-
35 S NN N B N = U U RN
o % 2 4 6 8 10 12 14 16 18 20
30F
251
2f MuonContainer_p5 MuidMuonCollection
15
10 o H )
: We are not looking at reconstructed t's yet
5
I A A AR o S AT TS A AN A
% 2 4 6 8 10 12 14 16 18 20

What about lepton ID cuts?

ElectronContainer_p2_ElectronAODCollection
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b-tagged jets

-, 5
'1t T W\

FastSim does not have b-tagging info, jets are “tagged” using
a DeltaR match between jets and b-partons
The jets selected in this way are used to form and invariant

Mass

Reco Mass 3rd and 4th jet with matching

IshJetsNewMass34

3
IIIIIIII

30

20

10

0

1/19/10

| Entries 1294

Mean 156.4
RMS 122.3
?7?

0 100 200 300 400 500 600 700 800 900 1000

Second peak, strangely at
the slepton mass.. But

where does it come from?
There should not be sleptons to be
used by JetReco (they have been
swapped with muons)

More investigation underway...
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B-tagged jets

FullSim has b-tag info

Jets are still matched to b-partons - then the flavor/weight information is

Entries

checked - fairly good purity :

LU RRRLN RRRRY RRRRNLRRRY

can
RMS

Flavor of 1st matched jet

WWeight of 1st matched jet

IshJetWeightMatch1

Entries

Reco Mass 3rd and 4th jet with matching I IshJetsNewMass34

™ Entries 218
= Mean 136.6
" RMS 109.2

Mean
RMS

351

3.472

053

s

Mean
RMS

SEEHEE

Flavor of 2nd matched jet

o¥ 383383

IshJetWeightMatch2

Welght of 2nd matched jet

Entries 351
Mean 3.38
RMS 7.896

The reconstructed mass looks

good, no second peak
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InvMass tests

T 5
X pr N

is a program that has been written at ANL to execute general searches
using high E; reconstructed objects (J.Boomsma & S.Cheknov)
It takes as input ntuple created by the package, which creates
ntuples with up to 7 particle types stored in AOD/DPD, after using selection cuts
defined by the user and performing an overlap removal. The package is now
optimized for photon searches and we took it “as-is”.

806 X| Old ROOT Object Browser

File View Options Help
| invariant_Mass;1 2| I Egl';_.- == <:J| |O| NI Option -
All Folders \Contents of "/ROOT Files/invMass_justSignal_ful. NTUPLE.root/2_body_decay;1/invariant_Mass;1"
Qmm |Ainv_ElectronElectvon,l Lkinv_ElecimnGamma,l |A|nv_ElectronJet,l |kinv_EIecironMuon,1 |Ainv_ElectronTau;|
_1PROOF Sessions |da inv_ElectronZboson;1 [ inv_GammaGamma;1 [ inv_GammaMuon;1 | fa inv_GammaTau;1 |da inv_Gammazboson;1
gmsevalsimona}wovkareallSSUJ |da inv_JetGamma;1 |da inv_Jetlet;t |da inv_Jethuon;1 |da inv_JetTau;1 |da inv_Jetzboson;1
(A ROOT Files da inv_Mi on;1 |4 inv_MissingG: 1 |da inv_MissingJet;1 |&a inv_MissingMissing;1 |4 inv_MissingMuon;1
B InvMass,_justSignal_ful.NT |da inv_MissingTau;1 |da inv_MissingZboson;1 | da inv_Muonhuon;1 |&a inv_MuonTau;1 |da inv_Muonzboson
& *jz_bdy decay;! |&a inv_MuonZboson;1  |f inv_TauTau;1 |&a inv_ZbosonTau;1 |4 inv_2Zbosonzboson;1
linva Mass;
(Jsum_Pt;1
=443 _body_decay;1
| Jinvariant_Mass;1
. (Dsum_Pt;1
(=444 _body_decay;1
o ’ h
'y P < (dinvariant_Mass;1
[_Jsum_Pt;1
K — o
[ invariant_Mass

2-body JetJet

4-body JetJetMuMu(tau)
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FullSim 2-body

Reco Mass Higgs IshMassHiggs | Reco Mass Z | IshMassZ
Entries 384 oE Entries 384
Mean 87.11 E Mean 63.58

or RMS  18.22 LE RMS 20.05

14
12f

Parton
level info

AL I LA 0
20 140 160 180 200 20 40 60 80 100 120 140 160 180 200
inv_JetJet inv_JetJet
= Entries 4525
Mean 90.26
200 RMS 55.89
180
Reco Mass 3rd and 4th jet with matching IshJetsNewMass34
160 Entries 51
140 I M Mean 141.8
NVIVIASS . RMS 120.6

120
100
80
60
40
20

FTEET AN SRS i)
% 400 200

b-matching

2-body |

TTTJTTT[TTIT[TTT |Il||||||||||||||

R PR o b b Lo Ly

h ” P
300 400 500 600 700 800 900 1000
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FullSim 3-body

1/19/10

| inv_JetJetMuon |

70

60

50

40

30

20

10

IIIIIIIIIIIIIII|IIII|[III|II]I|I[I

|”|||||||[||11]||||||||

Ishd4
| Mass mu1 Entries 53
C Mean 2481
i RMS 5.716e-05
4of-
sof-
20
10f-
A\ Bannllnanallod hallnsnalleaallananllnnas (lneallnnonllnono
0 100 200 300 400 500 600 700 800 900 1000
inv_JetJetMuon
Entries 2955
Mean 217.8
RMS 102.5

Mnhnkﬂk’lmml‘l | T VI TR R BN

oo

100 200 300 400

Simona Rolli - Argonne Analysis Jamboree

500 600 700

800 900 1000

T o
X pr N
Ish66
| Mass ta2 | Entries 981
1000~ Mean 2491
- RMS 4.3240-05
800
600
400
200
~{Frncllannallod halloennfloonnlloancllennallnndlhooalloon
0 100 200 300 400 500 600 700 800 900 1000
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FullSim 4-body

HEPG Mass Chi01 =
Mean 2702

RMS 8.782e-05

| inv_JetJetMuonTau | inv_JetJetMuonTau * E_
pp — _ Entries 461 J=
W= LbEn 2712 e e,
F RMS 97.81
e HEPG Mass Chi02 | [ IshChi0zMass ___]
r —_— Entries 106
i3 i <l
C C .77e-
InvMass :
i 4-bod
[ inv_JetJetMuonMuon | inv_JetJetMuonMuon 6:— y e ;_
Entries 1248 - a= " L L N N N | L
o Entries 1248 j: e &
= RMS 160.7 C .
185 F HEPG Mass Chi03 I
E 2_— = Mean 353
16— = s - RMS 6.824e-05
C Cooay PRI BRI | U W I TR BRI AR 0 -
1aE InvMass 0~"400 200 300 400 500 600 700 800 900 1000 =
126 "
10 4-bod Yy “E
8- B
6
4=
2
b Ml el Il
0 100 200 300 400 500 600 700 800 900 1000 ShMassChiom
. | IshMassChiOt Reco Mass Chi0 mu Entries 384
| Reco Mass Chi0 tau | Eniries =7 £ = 2061
“E Mean 204.1 “E RS .52
“= RMS 89.45 -
10— -
E 15—
I =
3 = 1=
4 E— o5 E—
E ol Il . L B e o
4 90 T 350 0 EY) €0 T4 a6 £ 00
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Conclusions

* We are setting up the framework for an analysis aimed at searching
for Higgs produced in association with heavy sleptons, jets and
leptons

H—Dbb, virtually no background

* We tested the parton level characteristics of the sample

A formal request for MC production was submitted in Dec 2009
* We are starting to test reconstructed quantities

FullSim vs FastSim comparison..

Object Identification criteria..

= |t would be useful to have more info on lepton ID, tau reco and jet reco easily
available here - maybe some working group?

B-tagging..
* InvMass analysis framework used to setup a signature-based
analysis
*  Work in progress..
Tau reconstruction
Trigger
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